The S-curve hypothesis postulates that the correlation coef ficient between the current exchange rate and past trade balance values may be negative. However, the correlation between the current exchange rate and future values of the trade balance may be positive. Previous research using aggregate trade flows between Brazil and rest of the world find weak support for the curve. When we disaggregate Brazil's trade flows with the U.S. and investigate 95 industries that trade between the two countries, we find support for the S-curve in 51 industries. Small and large industries and durable and non-durable commodities are found to benefit from currency devaluation.
introduction
A country that is experiencing a decline in its net exports may adhere to currency devaluation or allow its currency to depreciate, but due to adjustment lags such as recognition, production, delivery, etc. the trade balance may continue to deteriorate, with improvement coming later. This short-run pattern of movement of the trade balance subsequent to devaluation has been tested by two concepts that rely upon two dif ferent approaches. The J-curve introduced theoretically by Magee (1973) and tested empirically by Bahmani-Oskooee (1985) mostly relies upon a reduced-form trade balance model and dif ferent estimation techniques and regression analysis. The S-curve introduced by Backus et al. (1994) relies upon a cross-correlation function between past and future values of the trade balance and the current terms of trade or the real exchange rate. Bahmani-Oskooee and Hagerty (2010) provide a comprehensive review of both concepts, classifying all studies into three categories. The first group uses aggregate trade flows between one country and the rest of the world. To reduce aggregation bias, the second group uses trade flows between two countries. To further reduce the aggregation bias, the third group uses trade flows between two countries disaggregated by commodity. The evidence in support of both the S-curve and the J-curve increases with the level of disaggregation.
In this paper we concentrate on the experience of Brazil. Can Brazil enjoy an improvement in its trade balance in the future as a result of currency depreciation? Four studies have tried to answer this question by relying upon the J-curve concept. The results are mixed at best. Bahmani-Oskooee and Malixi (1992) , who test the J-curve phenomenon for several developing countries, include Brazil in their sample and find support for the J-curve in Brazil. So do Gomes and Paz (2005) , who only consider the case of Brazil. However, Moura and Da Silva (2005) , who also use Brazilian data, do not find any support for the J-curve. The three studies use aggregate trade data between Brazil and rest of the world, hence they may suf fer from aggregation bias.
To reduce the bias and search for further evidence in support of the J-curve, Bahmani-Oskooee et al. (2012) concentrate on trade between Brazil and its major trading partner, the United States, and consider the experiences of 92 industries. Using the bounds-testing approach to cointegration and error-correction modeling, which distinguishes the short-run ef fects of currency depreciation from its long-run ef fects, they are able to support the J-curve in almost one-third of the industries.
As for Brazil's experience with the S-curve, only two studies have estimated the curve for developing countries. While Senhadji (1998) , who tests the curve for 36 developing countries using aggregate trade data, does not include Brazil in his analysis, Parikh and Shibata (2004) , testing the curve for 64 developing countries, include Brazil and find weak support for the S-curve there. These studies use aggregate trade flows between each country and rest of the world, the same procedure as Backus et al. (1994) , who test the curve for 11 OECD countries. In an ef fort to reduce aggregation bias, Bahmani-Oskooee and Ratha (2007a) disaggregate trade flows by trading partners and provide more support for the S-surve in trade between the U.S. and each of its major trading partners. Unfortunately, they do not include Brazil as a partner.
In this paper, we examine trade between the U.S. and Brazil exclusively and try to find stronger support for the S-curve using bilateral trade flows. To further bolster our results we disaggregate bilateral trade flows and estimate the curve for each of the 95 industries that trade between the two countries, finding support for the S-curve in 52 cases.
To demonstrate how we arrive at our findings, in Section 2 we explain the method of generating the S-curve. The findings are reported in Section 3 and a summary is provided in Section 4.
Data and methodology
As indicated in the previous section, the S-curve is based on the crosscorrelation between the current real exchange rate and future as well as past values of the trade balance. Thus, following Bahmani-Oskooee and Ratha (2007b) and the literature, we define the cross-correlation coef ficient (COR) between the trade balance (TB) and the real exchange rate (RE) as: (1)
where RE and TB are the mean of all observations over the study period. By allowing k to take negative values such as -5, -4, -3, -2, and -1, we calculate cross-correlation coef ficients between the current exchange rate and past vales of the trade balance. And by allowing k to take positive values such as 1, 2, 3, 4, and 5, we calculate the same correlation between the current exchange rate and future values of the trade balance. The S-curve is then produced by plotting constructed correlation coef ficients against corresponding lags and leads. 1
Before we proceed, it should be mentioned that since the industry-level data are reported by the U.S., we define the TB and RE from the U.S. perspective. Thus, for each industry i, the trade balance is defined as TB i = (X i − M i )/GDP US where X i is U.S. exports of industry i to Brazil, M i is U.S. imports of the same industry from Brazil, and GDPUS is U.S. gross domestic product. All variables are measured in nominal U.S. dollars so that the ratio measures the trade balance in terms of domestic output. This definition is followed by all previous research on the S-surve. The real exchange rate between the U.S. dollar and the Brazilian real is defined as RE = P BR /(P US ⋅E) where P BR is the price level in Brazil, PUS is the price level in the U.S., and E is the nominal exchange rate defined as the number of Brazilian real per U.S. dollar. Thus, an increase in RE reflects a real depreciation of the dollar, which implies that the contemporaneous correlation coef ficient between the two variables is expected to be positive. 2
results
We are now in a position to plot our constructed COR variable against a number of lags and leads to see if we can provide stronger support for the S-curve at the commodity level. We first summarize our findings in Table 1 , which contains information such as industry code, name, their trade share, and an indication of whether the S-curve is supported. Figure 1 we report only the plots of the curves for industries that support the S-pattern. 
Summary
A country that is experiencing a decline in net exports or deterioration in its trade balance may adhere to currency devaluation or allow its currency to depreciate. Due to lags such as recognition, production, replacement, delivery, etc. the impact of devaluation is not instantaneous. The trade balance continues to deteriorate after devaluation and improvement comes only after the adjustment lags are realized. This short-run deterioration followed by an improvement can be tested using either the J-curve or the S-curve concept.
These curves are tested empirically by using the aggregate trade flows of one country with the rest of the world or between two countries using bilateral trade flows. In this paper we consider the experience of Brazil with the S-curve phenomenon. A previous study that includes Brazil among many other developing countries and tests the S-curve using aggregate trade flows between Brazil with the rest of the world finds weak support for the S-curve. However, in our study, we consider not only the trade flows between Brazil and one of its major trading partners, the U.S., but we take an additional step to disaggregate the trade flows between the two countries by industry and investigate the experience of each of the 95 industries involved in that trade between the two countries. At this disaggregated level, we find support for the S-curve in 52 cases, a result that had been masked by aggregate data. Further analysis reveals that the S-pattern emerges for small as well as large industries and in durable as well as non-durable commodities, identifying industries that will reap the benefits of currency devaluation.
